SYMPOSIUM ON THE EARLY MANAGEMENT OF SOFT TISSUE INJURIES OF THE EXTREMlTIES
Mr. Rainsford Mowlem (London): Skin and Supporting Tissues Early efficient treatment of injuries may make all the difference between complete recovery in a few weeks and persistent disability after months of surgical endeavour. "Minor surgery" has no place in this context as preservation of function often depends on early major surgical decisions.
Although the subject is that of injuries of the extremities, I intend to spend more time in dealing with the hand and the arm than with the leg. The hand is of course more frequently hurt. It is also an extremely specialized projection of the cortex-both sensory and motor.
An early appraisal of the injury is essential. Bony injury, loss of skin cover, loss of motor function, loss of sensation and interruption of the vascular supply must all be looked for. The most urgent is of course interference with blood supply or venous drainage. Vascular failure may develop some time after the injury; the persisting displacement of a fracture may so angulate a blood vessel as to occlude it; the deep hxmatoma may slowly increase until it causes a tourniquet effect; the damage round a vessel may cause an occlusion from spasm or pressure, which if untreated will result in the disaster of a Volkmann's contracture. These perils can be avoided only if the possibility of an insidious onset is remembered and a constant survey is made of the colour, temperature, mobility and sensation of the affected limb.
Early immobilization of a fracture is essential to reduce these risks and to avoid further damage, but this immobilization need not always be definitive. The most immediate problem may well be the reduction of swelling and consequent diminution of skin tension. Gravity is by far our greatest ally and coolness is the next. A few days spent in elevation will often work wonders but there should be no hesitation in surgical decompression if it appears desirable. A delay of a few days in the restitution of intact skin cover is not important if adequate precautions are taken.
The next most urgent problem is loss of skin. So long as the surface epithelium is broken there AUGUST exists the risk of infection. Intact skin is a much more efficient protection than is an "antibiotic umbrella".
Incised wounds demand early and accurate suture, unless there is an underlying oedema due perhaps to a comminuted fracture and an extravasation of blood rendering the limb so tense that skin closure would produce a tourniquet effect. Even then, if the wound exposes a tendon, a bone, a joint cavity or a fracture line, closure is essential, although a relaxation incision in a less vulnerable area may be an immediate necessity. In such a case a split skin graft can be cut at operation and stored in the ward refrigerator so that it is available for application at the first post-operative dressing, by which time the immediate risk will have subsided.
Losses of skin and subcutaneous tissue causing similar exposures of vulnerable structures may necessitate the immediate importation of flaps from elsewhere, either from the same limb, from its fellow or from the trunk. Flaps from the same limb are always difficult to arrange but the least satisfactory is the so-called "strap flap" which naturally evolves after the use of a "relaxation" incision. Unless the patient is very thin and the flap exceptionally well placed and designed, the end-result is tension and some breakdown at the very point where protection is needed. It is generally better to design a flap which can be transposed to give cover and to rely on free-grafting the area from which it comes.
Avulsed or stocking flaps are commonly the result of run-over injuries. The flap is torn down at the fascial plane, but remains adherent to the limb. It is all there and the tendency to replace it is almost overpowering. There are times when that is the right thing to do, but more often the flap is so bruised that it cannot survive. There is no bleeding from its edges and no evidence of a cutaneous blood supply except near its base. The intravenous injection of dyes into the circulation does not result in staining of the flap and such a method can be used to determine which areas are still viable. It is more usual to trim the flap back until the marginal bleeding indicates viability. The defect can be covered by split grafts which can be immediately applied or else left in store for a few days until the recipient area is cleaner and less contused.
In the injured hand the applications of the principles mentioned above become increasingly urgent, for the mechanism of the hand is so complex that minor infection or persistent cedema may cause havoc. Failure to elicit a movement when examining the hand does not always mean motor loss. Pain may be sufficient to cause inhibition. Neither does limited movement, say of a terminal phalanx, always mean that the flexor profundus is intact. The more proximal the lesion, for example at the wrist, the less specific is the apparent loss of mobility. Loss of sensation due to the division of only one digital nerve is difficult to evaluate but it is there. The probabilities of damage must be remembered and allowed for.
In assessing any injury and determining its correct line of treatment there are many factors to be considered. Careful examination must of course include the injured area, but the patient's age, health, employment and skill are also important.
A long-term repair programme may well be indicated to save or replace the traumatized region in a young man with special skills, whilst a similar lesion in an elderly pensioner would be better treated by amputation. Surgery should not be advised without due thought as to the endresult and the time taken to achieve it. To rebuild a digit can mean the restitution of earning power but it can also mean the creation of a useless structure at the expense of so many weeks in hospital that all inclination to return to work has been lost. Each injury presents an individual problem.
The inevitable sequel to almost every injury, whether there be skin loss or not, is swelling. This may constitute a risk to circulation, particularly on the forearm, which can be countered only by immediate surgery to expose the main vessels concerned. There are few conditions so irremediable as an established Volkmann's contracture and it is a condition which can under most circumstances be avoided or at least minimized.
More frequently oedema inflates the whole hand so that its bulk is increased by 20% or more. The fingers are splinted by swelling of their subcutaneous tissue, the tendon sheaths and joints are full of fluid. This fluid, if allowed to persist, will inevitably be replaced by fibrous tissue and its early removal becomes a matter of primary and urgent concern. Support, elevation and cooling are the lines of attack. Support is provided to maintain the fingers and wrist-joints in a neutral position and is best achieved by a plaster of Paris slab on the palmar surface, maintaining the wrist in the mid-position and the finger-joints each flexed to about 45 degrees. The thumb is abducted. The position as a whole is similar to that necessary to grasp a cricket ball. It is difficult to obtain and more difficult to maintain.
The whole arm is elevated so that the shoulder is its lowest point. If exposure and cooling are available so much the better. Movement is encouraged only as it becomes relatively effortless. This regime is continued for at least four days and is indicated in almost every hand injury, closed or open, operated upon or not operated upon.
Wounds fall into two groups-the tidy and the untidy (Rank and Wakefield, 1953 , Surgery of Repair as Applied to Hand Injuries. Edinburgh and London).
The tidy are capable of being sutured to restore an intact skin surface. For limited lesions local anasthesia is adequate but to embark on a repair which may end by being a tendon graft under such an anesthetic is undesirable. Neither is local aneesthesia indicated in the nervous or the very young. Again the assessment must take into account both the injury and the patient.
A thorough cleansing with Cetavlon is followed by exploration of the wound to ensure that there is no deep damage before closing the skin defect. Severed digital nerves are sutured immediately and tendon repair may be carried out. Immediate suture is the rule at the wrist and proximal parts of the palm and, under some circumstances, the distal 1 to 1-5 cm of the flexor profundus and of the flexor longus pollicis. Elsewhere, i.e. when both tendons are involved within their sheaths, repair is usually deferred, though under ideal circumstances an immediate tendon graft is possible.
Skin losses which expose tendon, bone or joint cavity should be repaired by flaps which can often be derived from an adjacent finger, from the dorsum of the hand or from the proximal part of the palm. Such a flap is designed to transpose the defect to a point where it can be adequately covered by a split skin graft whilst the imported tissue, having its own blood supply, protects the underlying avascular structures from infection.
If such a flap is not available on the hand, the opposite arm is the most likely place to find one and failing that the trunk may be used. The texture of such a flap remains always that of the area from which it came, while its sensibility, if any, must depend on the integrity of a nerve supply in the area into which it is imported. Untidv lesions mainly result from injuries in machinery. The hand and all its structures are lacerated. The greatest experience is necessary to decide what to try to preserve and what to remove. This may well be conditioned by the patient himself. The clothing of fingers by tubes of skin, however exciting as a surgical exercise, is seldom rewarding. A short finger is better than a stiff, painful, or perhaps aneesthetic digit encased in scar or skin graft, but every millimetre of an injured thumb is worth preserving.
Heat burns and electrical burns are a special problem, but they are associated with the same difficulties-early severe aedema and skin losses sometimes exposing tendons or joints. The treatment of the cedema is urgent, the restoration of the skin lesion is less urgent, provided infection can be avoided.
No two hand injuries present exactly the same difficulties. Their early recognition and treatment in the right order of priority demands considerable thought but is more than usually rewarding in the restoration of function to a mechanism both complex in its nature and essential in its function.
Professor Charles Rob (London):
Vascular Injuries
In this paper I shall deal only with injuries to large and medium sized arteries. I shall omit small vessel and capillary injuries, particularly such lesions as frost-bite and immersion or trench foot. The usual result of an arterial injury is hemorrhage which must be controlled, but closed injuries often cause thrombosis and several less common complications which will also be discussed. Hemorrhage is usually controlled by a pressure dressing, occasionally a tourniquet or emergency ligature may be required.
Management of Acute Arterial Occlusion
There are few emergencies in medical or surgical practice which are influenced to a greater extent by good initial medical care than sudden occlusion of the main artery to a limb. The first few hours are of great importance, simple measures taken at once whilst the patient is awaiting transfer to hospital serve to minimize the effects of such a lesion.
Reduction establish reflex vasodilatation. Evidence produced by Sir Thomas Lewis and others has established that the vasodilatation produced in this way equals and sometimes exceeds that of either a sympathectomy or a sympathetic nerve block. It is also important that splints, dressings or the patient's posture should not constrict the region of vascular occlusion around which the collateral circulation must develop.
Anticoagulants have an important place in the management of patients with sudden arterial occlusion. They help to limit the extension of the thrombosis, particularly into the vessel distal to the block where the blood flow is slow. They are, of course, contraindicated if there is a large wound or major closed injury, but in many patients with closed arterial injuries they are of value. If heparin is used there is no risk of undue haemorrhage during a subsequent surgical operation because protamine sulphate, which works in a few minutes, is an efficient antidote to the heparin.
General management includes the maintenance of an adequate blood pressure and hemoglobin level by blood transfusion if necessary. The prevention of infection is also important. Deformities must be prevented by physiotherapy and splintage.
Operative surgery may take one of three main forms: (1) Arterial reconstruction procedures designed to restore a normal blood flow.
(2) Measures to aid the establishment of an efficient collateral circulation. (3) Amputations if the procedures described above fail.
Arterial reconstruction should be the surgeon's aim in all cases of division of a main artery, that is an artery proximal to the popliteal and brachial bifurcations in the limbs. As Table I shows, in war where large n,umbers of arteries have to be ligated the number of amputations is high; to-day in civilian practice arterial ligature can often be avoided. The best method of arterial repair is end-toend suture, lateral repair nearly always fails in patients with an arterial injury. The whole damaged segment must be removed; if end-toend suture is impossible a graft should be inserted. A number of materials have been used as arterial substitutes; these include homologous arterial transplants, autogenous vein grafts and plastic prostheses, of which the best have been made so far of terylene (Dacron) and Teflon. In general the plastic substitutes work well for aortic replacement but the thrombosis rate after a follow-up for as short a period as one year is high when they are used for smaller vessels. This means that for the replacement of such vessels as the femoral, popliteal and subclavian arteries an autogenous vein graft or a homologous arterial transplant is preferred. Table II gives the results which we have obtained with these materials as arterial substitutes, and Table III is a long-term follow-up. In these series the reason for operating in the majority of patients has been an arterial thrombosis due to atherosclerosis. Complications of an arterial injury.-Apart from hemorrhage and arterial occlusion, the following complications may follow an arterial injury: aneurysm, arteriovenous fistula, gangrene, intermittent claudication, ischemic contracture and vascular spasm. The formation and treatment of arterial aneurysms and arteriovenous fistulae have interested surgeons for centuries. To-day most such lesions can and should be treated by an arterial reconstruction procedure.
Mr. Guy Pulvertaft (Derby): Tendons and Nerves The majority of these injuries occur in the upper limb and mainly in relation to the wrist and hand; I shall confine my remarks to these regions.
Tendon Divisions
Technique of suture.-The suture material should be fine and cause the least possible tissue reaction. Mukherjee and Douglas (1951) , studying the relative reactions set up in nerve tissue by nylon, terylene, human hair, silk and stainless steel wire, demonstrated clearly that wire was the only material which causes little or no reaction. It has been found in practice that there is little to choose between fine silk (No. 4/0-6/0) and wire and the choice is largely one of personal preference. It has always been my custom to use single strand wire; B.W.G. 40 for the main suture and B.W.G. 43 (No. 6/0) for auxiliary stitches. Kinking must be avoided and the wire is tied by a reef knot, the ends being cut off flush with the knot.
There is no better method for joining two tendons of equal size than the Bunnell crisscross stitch. When many tendons require repair as at the wrist level, I use the Bunnell "double right angle stitch". For joining a small to a large tendon, e.g. the proximal end of a tendon graft, I use a special type of interlacing suture. The distal end of a graft may be attached to a tag of profundus, by the Bunnell withdrawal stitch or by passing the graft through a transverse hole bored in the terminal phalanx and stitching it back to itself. The withdrawal stitch is the neatest and passing it through the bone is the most secure.
Conditions of the wound.-It is unwise to perform primary tendon suture unless (a) not more than eight hours have elapsed since injury; some authorities say less; (b) there has not been severe contamination; (c) there are no complications such as severe skin loss, severe fracture or joint injuries or a general crush factor; (d) operative conditions are satisfactory and the correct instruments and suture material available. Rank and Wakefield (1953) divide hand wounds into two types-the tidy and the untidy. The tidy wounds are typically produced by knives, axes and glass; they are generally clean cut, skin loss is minimal and fracture exceptional. In these cases primary tendon suture is permissible. The untidy wounds are caused by machinery, power saws and power presses; skin edges are jagged or crushed, skin loss is usual and multiple fractures are common. Primary tendon repair is not advisable. Furlong (1957) has expressed the situation with clarity: "Like other difficult decisions, each instance must be judged separately. The decision to be content with skin suture only or to go on to primary tendon repair has to be made. The surgeon will bear in mind whether the hand is extensively and heavily contaminated before the accident; whether the cut is clean and amenable to enlargement according to surgical principles or whether it is lacerated and so contaminated as to make primary healing unlikely. Further he must consider the timeinterval between trauma and surgery and finally decide whether he has sufficient skill to carry out delicate tendon surgery."
Section of
Site of injury.-Assuming that the wound conditions are favourable, the decision to use splintage only, primary suture or secondary repair, in some form or other, rests upon the site of injury.
Extensor tendons of the forearm, wrist, hand and digits.-Divided extensor tendons in the fingers and over the metacarpophalangeal joints may in many cases be treated by splintage, as retraction of the proximal end does not occur beyond the limits of positional splintage.
Division of the extensor tendon in the distal part of the finger leading to the mallet deformity is best treated by splintage of the terminal joint in extension by a pin passed across the joint from distal to middle phalanx. It is advisable to hold the proximal interphalangeal joint in flexion by external splintage.
Division of the central slip attached to the middle phalanx-the button-hole injury-is treated by external splintage holding the metacarpophalangeal and interphalangeal joints in extension.
Division over the metacarpophalangeal joint may also be treated by splintage as part of the lateral expansion is usually intact and this prevents proximal retraction.
Tendon divisions proximal to this level need to be sutured.
In the thumb, it is advisable to suture the extensor and abductor tendons at whatever level they may be divided.
Flexor tendons of the forearm, wrist, hand and digits. Thecal sheath of the finger.-Division of sublimis tendon alone requires no treatment. Division of profundus distal to the sublimis attachment may be sutured primarily. When it is divided between the distal palmar crease and the sublimis attachment, primary suture should not be done; the choice lies between arthrodesis of the terminal joint, tenodesis of the profundus tendon or restoration of profundus action by a free tendon graft, all of which are performed as secondary procedures. The decision depends upon several factors; age, state of the finger, occupation and the wishes of the patient. The operation of tendon grafting is one of some magnitude for what is a comparatively minor disability. It should not be advised unless the patient is determined to seek perfection and the surgeon is confident of his ability to offer a reasonable expectation of success without undue risk of doing harm. The sublimis tendon, if intact, is not removed. I advise tendon grafting for the index and middle fingers in the majority of persons because of the important thumb, index and middle finger pinch. I use it for the ring and little fingers only when the patient requires this action on account of his occupation or special interests, e.g. a musician or skilled technician. For those employed in general labouring work and when a quick and certain result of a less perfect nature is desired, I believe it is better to arthrodese the terminal joint. For children it is good counsel to advise grafting as the lengthy recovery period is of no significance nor can one foretell what may be the child's later requirements.
During the years 1942-59, 34 patients were treated. One case could not be traced, but the records at nine weeks indicate that progress was good and a satisfactory result anticipated. Of the 33 cases, 4 were complete failures in that no active movement was restored. Excluding these 4 cases, 92 % attained 30 degrees, or more, active movement at the distal interphalangeal joint and 55 % reached to within i in. or less of the distal palmar crease.
Division of both sublimis and profundus tendons within the digital theca should not,as a general rule, be treated by primary suture.
"Poor results the world over follow sutures of flexor tendons in what is called 'no man's land', that is, between the distal crease of the palm and the middle crease of the finger" (Bunnell, 1956) . This opinion was reached by Bunnell as the result of seeing many poor results of primary and secondary suture in this region. Most surgeons, including myself, would agree with Bunnell that the treatment of choice is primary skin suture and secondary tendon grafting, but there are a few experienced men who think otherwise. The Chicago school, Posch of Detroit, Verdan of Lausanne and Bolton of Stockport are among those who consider that there is a case for immediate suture of profundus alone when performed under ideal conditions. There are others who prefer a primary tendon graft but this I believe to be a dangerous policy because one is working in a potentially contaminated field. As Boyes (1958) says of this treatment "If you play with fire, you will eventually get burned".
Experienced surgeons can offer 75 %-80 % (Boyes even higher) acceptable results by tendon grafting and it does not appear that we are yet in a position to depart from the accepted teaching of skin suture and tendon graft later as a general principle.
The thumb.-Primary suture yields good results when the division has occurred in the distal part of the thumb. The less common cases of division deep in the thenar muscles may also be repaired by primary suture, but the exposure is difficult as the tendon lies in close proximity to the digital nerves and the motor branch to the thenar muscles, which, incidentally, are far more important for the thumb than is flexion action of the terminal phalanx. The results of secondary grafting are good, offering a success rate of 850%-90%. I advise my own staff not to perform primary suture except for division distal to the metacarpophalangeal joint.
Divisions in the palm.-Tendon divisions in the palm, that is between the distal border of the flexor retinaculum and the distal palmar crease, do not present the difficulties encountered in the fingers. Immediate and secondary suture give good results, but it is better to repair profundus only as cross union may occur if both tendons are repaired, which limits the action to that of sublimis alone. When the patient is seen at a late stage it is not unusual to find that retraction of the proximal ends does not allow direct suture. This difficulty can be overcome by using a small bridge graft taken from sublimis.
Divisions at the wrist level.-It is my practice to perform primary repair of all tendons divided at the wrist, with the exception of palmaris longus. Some prefer not to repair sublimis, but I have not been troubled by cross union at this level and it seems a pity to abandon sublimis power. If the tendons are not repaired primarily, retraction follows and the gaps have to be closed by bridge grafting. The results of a carefully performed primary suture are excellent.
Nerve Divisions
The results of nerve repair depend upon: (a) The time-interval between the injury and the connexion of the axons with the motor end plates or the sensory nerve endings; (b) the apposition of good quality nerve ends without undue tension or excessive positional splintage; (c) the precision of orientation and suture and the avoidance of hTmatoma between the nerve ends.
Primary or secondary repair.-This is a question upon which differing views are held. I do not believe that a completely authoritative statement can be made until a large parallel series of primary and secondary sutures performed under the same conditions are investigated.
There is general agreement that the small purely sensory or motor nerves in the hand should be repaired primarily if possible and that the larger mixed peripheral nerves should be repaired at once if accidentally divided in the course of an operation.
Apart from these special cases, there are, I submit, valid arguments to support the principle of secondary suture. It is, of course, understood that the nerve ends are held together by a simple suture at the emergency operation.
(1) The nerve is rarely divided by a perfectly sharp instrument and many injuries are associated with considerable violence. It follows that some contusion or stretching of the nerve occurs which may lead to subsequent intraneural fibrosis unrecognizable at the time. This makes it difficult to estimate how much of the apparently normal nerve should be removed. There is a natural tendency at an emergency operation to be too conservative in the desire to avoid creating a problem in apposition, which would necessitate a wide exposure in the presence of possible contamination.
(2) The epineurium thickens during the few weeks after nerve division and holds the stitches better.
(3) A more precise suture is more likely to be attained during a set operation with ample time than at the end of an emergency operation during which numerous tendons have been repaired.
Reconstruction.-When such a length of nerve has been damaged that the ends cannot be brought together after adequate liberation and transposition, nerve grafting should be considered. The results, in general, of nerve grafts are not so satisfactory as suture, but they are certainly better than suture performed under a tension which demands extreme positional splintage. Of the 67 cases of autogenous nerve grafting recorded in the Medical Research Council report (Nerve Injuries Committee, 1954), 28 achieved a degree of recovery similar to that of a successful suture at the same level. The actual lengths of nerve gap beyond which it is useless to attempt a suture have been worked out and are to be found in the report.
Strange's pedicle graft (1947) should be considered when there has been extensive destruction of the median and ulnar nerves in the forearm.
In treatment of irreparable motor paralysis a great deal can be done to restore function by tendon transference. Some of the most gratifying results of hand surgery are seen in this field.
Finally, it is my belief that the surgeon should be adaptable-familiar with the different techniques and able to choose the one most favourable under the circumstances.
